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Abstract

It is shown that relat.ivisk.lc_.f‘fects. considered in the
framework of a relativistic guark model constructed in infinite
momentum frame, improve the agreement between theory and experimant
for &+Ny transition. They enlarge the magnitudes of the amplitudes
A:/zand A:/z and suppress with increasing 'Qz the magnetic form
factor of A+«Ny transition in comparison with proton magnetic form
factor. The additional inclusion of not large QCD-inspired mixings
of multiplet (56:0'1 into the N and the A improves further the
agreement with experiment for this form factor and permits to
describe its Qz-dopendtnca at Q‘( 3 Gon.Prodominant.ly due to the
relativistic effects non-zero values for electric and Coulombic
form factors of A+Ny transition are obtained. It is predicted that
the electric form factor ls positive at Q¢ U4 Gev' and changes
Iis sign with increasing Qz. 50 the magnitude of hejicity asymmetry

should be lower than 0.5 at G5 04 Gev'.



1. Introduction

it 1s known that the predictions of the nonrelativistic quark
mode] for AC12323 +Ny transition are unsatisfactory. The
predicted values of the amplitudes of this transition are
significantly lower than experimental data. and the inclusion of
QD mixing effects does hot remove this descreapancy (1,2,3).
Fur ther , the nonrelativistic gquark model predicts the same
Qz—dependence for the magnetic form factors of NaNp and A-Ny
transitions, whereas the experiment shows that with increasing Qz
the A+Ny trapsition form factor falls more rapidliy than nuclecn
ones (4,5). Such a failure of the nonrelativistic quark model in
the description of A-+Ny transjtion cannot be considered as
SuUrprising because the calculatlions are highly relativistic here
due to the large momentum transfer, and the nonrelativistic
approximation is not adequate to descrjbe them. Various
relativistic correction terms to the nonrewlativistic approximation
for radiative transitions of nucleon and nucleocn resonances are
studied in Refs. [6-8) where It 15 shown that relativistic effecls
are significant. However Lhe obtained results cannot give a
complete picture of the relativistic effects as quarks in the
considered processes are relativistic and it 1% neccessary to take
into account the whole power series in quark velocity.

In this work we present our results on joint description of
N+Nr and A+Ny transitions obtained in the framework of relativistic
quark model (RQM? of Ref [g), which was successfully used to

describe the static properties and form factors of the nucleon

[9,10). This model is constructed in infinite momentum (rame CIMF>
using of which ( as well as of the light-front dynamics in the
modelis of Refs. [11-18])2 have advantages when we study interactions
of bound states of relativistic constituents:

1) RQM of Ref. (9] is constructed for radiative ( or weak >
transitions of hadrons A-+B+y using the formalism of old-fashioned
perturbation theory in Lthe IMF where the initial hadron moves along
the z axis with momentum P+ and the longitudinal components of
photon momentum are:

e ,

. q'= - q:z -qQ

€12

Fo==—qs =
4P

In thix frame triangular diagrams contatning creation or
annigilation of quark-antiqurk pairs in Lthe vertex of interaction
with phoeton are suppressed; hence, space-time picture of the
process corresponds Lo the nonrelativistic quantum mechanics and
only diagramg with vertices which have wave function interpretation
remain.

1i> In the processes of hadron transitions with high momentum
transfer it is neccessary to take into account the motion of the
hadrons. In our choosen IMF it is Lhe motion of final hadron in
transverse directicn. In Ref. [9) a relativistic-covariant form of
spin-orbital parts of hadron wave functions are found and using
them it is shown that in IMF hadron wave functions differ from
the wave funciions of quarks in their c.m s. only by Lhe quark spin
rotations given by Melosh matrices. Herewlith the transverse
momentum of final hadron enters in the definite form into Lthe c. m s

wave function of final guarks and into corresponding Melosh



maltrices. 350, 1n the IMF we have a formalism which allows to take
Lnto account the momentum trasfer between hadrons.

In this paper we will investigate the role of Lhe relativistic
effects and QCD-inspired admixtures of higher exitation stales in
Lhe description of the N+Mp and A+My transition form factors. 1In
Particular. we will be interesting, whether Lhese effects can avoid
the descreapancies between the nonrelativistic quark model
predictions and Lhe experiment far the A+Ny transition. To
investigate the role of QCD-inspired mixings we will use the
results of the "soft QCD-model™ of Refs.[17-19] which includes many
features of CD [20)] and describe successfully the mass spectrum of
practically all light mesons and baryons. This description is made
In terms of nonrelativislic SPl1n-orbital wave functions., while
radial parts of wave funclLions correspond to the ra.la!.iv.llst.ic
quarks and mean momenta of gquarks oblained in {17-1Q} are of the
order of quark masses. In the "soft QCD model" it is found thal for
the nucleon and the A-iscbar the main admixtures ol"  higher

configuration states come from multiplets (56 .O+] and (70,071:

IN>=a INLSE, 071> +b_ |N[S8*,0"15> +c_[N[70,0"1> 2.1
|8>=a,|a(56.0" 1540, |at58" 0% 1> 2.2
where the coefflcients are determined by hyperfine interaction

generating by one-gluon exchange and consi sting of the Fermi
contact term and a tensor term. Their values are correlated wilh
each other and have definite signs:

bua:ch—bA<0. 2.3

Therefore we will investigate the role of the admixtures of

multiplets (58°,0"]1 and (70.0"] in N and A taken wilh Lhe

coefflcients which obey the relation (2.3).
2 Basic formulase

As the initial formulae of RQM are gliven repeatedly 1n our
previous papers {(see, for example, Refs. {9,101 we start
immediately with the matrix element of Lhe electromagnetic current
for radiative transition ACP.AD+BCP'.A"D+3(q) C(in parentheses tLhe
momenta and the helicities of Lthe particles are given) which in IMF
has the following form:

<BCP’ ,A'D |Jp|A(P.;\)> lp=e 3-Qaj'dl"\ll:(p;.p;.p":)l"u'lf‘(pu.pb.pc).(3)
Here it is supposed that the photon interacts with guark a (the
quarks in hadrons are denoted by a.b.c2, Qo is the charge of this
quark Cin units of e) and P, and pl'(laa.h.c) are the guark momanta

which we parametrize in the IMF tn the following way:

P = le * Ku_ . p"= x‘P'* K\..L . P K‘J_=P'K:J_=0. 1=a,b.,c,
x,*1-n KQJ.'—KJ.‘ Ku.l."x.L "
xzﬁ(l—()n f Kbl’ EL*(I—()KJ‘. KbJ.’ kJ_*‘Ci‘(JKL . Cd>
x=kn Ko =k K, K R, K

K’ ’K;’m_._‘ The phase space folume di” in (3 is equal to
4

dk dK d{dn
dr= S . 4>
c2m %1 -nc1-m

r corresponds Lo the vertex of the quark-photon interaction
T}

r =p ')rFuCp )/xn which has the following components:
H a a

F=r =2 , T = €3 + @C1l-p) , [ = - 2K + 16'%q 201, (6
o x x » x ¥ ¥ x K

Here we have assumed for convenience that the vector aQ, is

directed along the X axis. In order to define Lthe wave functlons of



the systems of {initlal and final quarks it |is convenient Lo
introduce the 4-momenta of the quarks in their c.m.s.

KCK .K .w3) and K 'CK K’ ,w') (i=a,b,c):
% Ll L v v [N L¥ 3 L

-—

K +w=Mx . w=§ KX +m" | M= w . (arp]

1z Y [+ I Y [ [ o N L

. . . R 2 :
K\ :+ wl.- Moxt' “, = K: *om * MO’F @
where m is the mass of quarks a.b.c . Mo and M“, are lnvarjant

masses of the initial and final gquarks:
= z 2 .2 .z z
Mf =L (Ku_# m A M = }'_'CKU_ +omIsx . cad
. v

According Lo the results of Ref [ 8 1 the vertex function of
hadron transition to quarks in the IMF is related to the wave
function of quarks in their c.m. s by quark spin rotations:

+ + +* cme
¥ =U (K> UK 2> UCKD> W (K ,K_,K> , ca)
AL A a [ c AN a b c
where UCK > are Melosh matrices
L
m+ 1slm o

K
WK = — Lo m o= meM x 1o
1S L= 2 §

L .
z 1-2
[mz+x ]/
Y LN

From €33, (63 and (9) it is seen tLhat the final results will

+

be expressaed in terms of matrices U(I(‘l) U(Kt) Cl=a,b,c) and

uw K2 a;°'u+(1(°) Laken between wave functions of initial and final
a

quarks ln their c.ms . By this reason it is convenient to write

down these matrices directly:
(1%} (1%

ucKk') U'eko= [ i LE ] /D . t=a.b,c ., Ct12

s 5 L (483 L

23 22
- o -] z

WK e MuTK o= 2 b ) . 12y

a x a (-3

a &
i 22

wher «

:.::zzz = mlm: * KLKK:. * K:y * "‘(K:‘ fK“) K._y . €13.1>
:;:zn = !Cm'll(“ B le:x) * ix‘CMo-H:a) Kw . €13 2>

o . = Hmm! - K K- K:y) ¢ Ky - K K €13.3)
“izizes =ﬁ(1(;m; * K;mo)i 1("1, * ’“;)Kay B 13 4>
D, = {tm *+ k Dem e xDPT €13.%

In order to find the relations be{ween matrix elements (33 and
form factors of radiative transitions under consideration let us
write covariant expressions for Lheir currents:

L et ne . - T T | ¥ _ z v
LA2IN 1D ) 178] A =el, P 3{F ca’rcq ¥, a0 -F a0 a }ou P,

142
Qa-zlntqd | 32l =en. (P oy CHY'E HOER Hi?5uf
i pl eu, . rtH,, Hﬁu pr )uA(P). 15>
wher e
(1) ~ 2 v o L5 B4 2 e
H =16 (q™) . H =G, .
A 16977 97 s .Cq )qnoyvq
1ed
{3 ~ z z
H M= 6cq°> ¢ - >, =C - .
A La 959,79 95, PR G g rury)/E

and uﬂ( P> is the Rarita-Schwinger bispinor. For all bispinors we
us'e the normalization uu=2m.
The invariant amplitudes of Eqgs. (14-18) are related to the

matrix elements (32 in the following way:

1 .
po < NATELAZ | S| MR >|P'm-qz F‘(qz)sfl(qz) . €17.1)
1 z
< NaT=-1-2] J N.A=1-2 > -F
ap (R IpawFa7a, c1z.2
1 . S, ~ 2
—— <Mz | I ] aamsR s | =- — X &caD . C17.3)
ap -
FES
z
1 . .
A T B R B N - e AL R (17 4
ap 4z
-



ql( 2

CqD . C17.80

Gt

< N.ar=-1-2 | 1+ lJylA.}\=3/2 >|P - X
-

42
For NaNp transitionn the amplitudes F‘qufl and Fz are the Pauli

form factors which are related to the Sachs form factors by:
H

ceg®r=F g™ + 3 Fog® . €18.12
4 i t 3
2m
N
N_ 2. _ z 2
G.(q )—F"(q > o+ amNF‘z(q > €18. 2>

For aA+Ny transition it is convenient to introduce helicity
ampl i tudes h‘.hz. h- defined in Ref. {21) and related to the
ampl i tudes ?5!( qz) . 62( q!) and é’( qz) by

x = z z_ 2.0
h‘== 4mA[Gl+(mA+mNJG=l+ECmA m"*q )G’ . 1913

T
h =-2{Cm, +m >G +q (G +G 2} . €19.2>

:_
A

The Sachs form factors and helicity amplitudes of 4A+Np

z -~ 2z 2.~ 2
h’ e/mn{[q "'N('“A“"‘N)]G‘*[("‘ mN)(mA+ mN)ﬂan ]GzﬂnAq G'} . €193

transition are connected with these amplitudes in the following

way:
A mn
Gu= T Tetm w3 4 3h=+h’) . 20.1>
m
A o N__ .
G‘— m m > C h‘ hz > . ca0. 2>
A N
m
A N
Gc= 3lm,+m D hn . £20.3
A N 2 2
- Cm,-m 3} —q 1-2
A = ———h |2 ™
1-2 443 ] . C20. 42
Cm, -m m
N
z
] Cm,-m 27 —q -2
A s — h & N
.2 4 z . 20 B
z =z
Cm,—m Om
A M ON

Let us remind that for multipole amplitudes of the yFNanN

reaction we have

G
E'+ o G.: . Srv - < qc ma 7 c21)
H“ G, M, G - am

So, we have related all measured on the experiment amplitudes
of N+Mp and AsNy Lransitions to the matrix elements (3 which we
calculate in our approach in the IMF. The concrete form of the
matrix elements for Ltransitions between members of multiplels
(58.071.156°,071 and [70.0+] are given in Appendix.

In this paper we will give also our results on nucleon axial
vector form factor which in the considered approach is determined
by

z _ A . . . tar_tal
9,(a =3 Jar e K LKL K?D L]

n,1-2

CK K KD a2y
- p.irz  a ]

where 7 _is the matrix realizing the transition d-u. The concrete
form of (22) for transitions between various multiplels is gLven 1n
Appendi x.
3 Results
3.1 The role of relativistic effects

In order to investigate the role of relativistic effects in
Lthe description of the N+My and A+Ny form factors let us start with
the case when admixtures of higher exitation states in N and & are
absent.

The radial part of the wave functions we take in the form

¥ = expl- Mz/ﬁaz) 23

which 1s very close to the harmonic oscillator wave function and
coincides with it in the nonrelativistic 1imit. Paramter
o characterizes the value of quark momenta in N and 4 In Refs

[10,128) 1t was shown thal the wave function (23), In spite of



exponential form, give power-like behaviour of form factors in the
region of not too large Qz. This fact can be easily shown using a
simplified formula for F':(Qz) which can be obtained from (17.1)

and CA. 1> by ignoring of Lthe Melosh malrices

P ¥y o ,z)/aaz]_‘_
Frea® J' exp [ M+ M. N
2
j’axp{ _ an - _m [ 1 . 1 ] prendt .

12 ofcL-m 3o’ fc1-8On 1-n

For a relativistic system with o’ m®>>1 and for large Qz taken
in Lhe interval
12a%¢ Q% 9 a'/m’ cam
the main contribution to the inte -g from tLhe TrTeglion
n(lEaZ/Qz. where tLhe exponenli depends weakly on o, and the
behaviour of the form factor is determined mainly by the rhase
space volume, whence Lt follows F':(Qz) ~ ateqt At larger values
of Qz the main contribition comes from the region n<4m-Q ,and
power ~1ike fali transforms gradually into a behaviour of the form
of mz/QzexpC Aamo/aa'). The exact formulae differ from (242 by tLhe
pre—exponential factors which are different for different form
factors. The influence of these factors can be evaluated in the
limit f=1-2, K;IO' (i=a,b,c)if we preserve the variable v which is
cructal fer Qz—dcpendonce of form factors. Using the expressions

€17.12-C17.3>, (228) and the formulae of AppendixX we obtain in Lhis

limiu

FlQY = N'jF expl ~C(ML+M:®3Ba® 1l . ceey
wher e
F = 20 +Q, for F':co‘n . 27.1)
F = n2m (Q -Q) for F:co') . 27 2y

10

F =33 n2m €Q Q) for & ¢a™ . 27
F = 5.3 for gA(Qz) ) 27. 4
At large Qz from the intearval (25 in Lhe maln region of
integration the variable n behaves as n~ 1./Qz. so we ind from (28
and (27> that form factors Flp(Qz). F‘:(Q:) and é‘(Qz) fall more
rapidly w«ilh increasing Q‘ than F":CQz) and g.(Qz), S0, in our
approach we have simple explanation of the experimentally observed
fact, that the form factor gACQz) falls more slowly with increasing

Q than the proton magnetic form factor G:(Q=)=F':CQz)+amNF‘:CQz).
and the last one falls more slowly than form factor Gﬂ(Q‘) which 1ls
determined mainly by é‘CQz), As it will be shown below these
qualitative conclusions are confirmed by exact calculations.

We find parameters m and a of our model from the reguirement
of a best description of the proton and neutron magnetic moments.
9,79, ratic and of the Qz—dependence of the proton magnetic form
factor. The obtained parameters are

m=220Mev , a=375 Mev . 28>

Hote that these parameters differ slightly from Lhose of Ref
[9] the fact which is connected with the neglecting of quark
anomalous magnetic momentis in the present paper.The proton and
neutl.ron magnetic moments and g‘/gv ratico corresponding to the
parameters (282 are:

,up=a.93 n.m. . yn=—1,8 n. omo, g‘/gv=1.16 . (== 5]

The predictions for form factors obtained with parameters (28)
are given in Figs. 1.2, It is seen that all nucleon electromagnetic
form factors agree well with experiment, our predictions for the

magnetic form factors being very close to the phenomenclogical

11



dipole fit of experimental data-
6,Ca=C1+ Q0. 7157 €303
The predictions for nucleon axial vector form factor reproduce
well the dipole behaviour of this form factor by formula:

6, Q=1 ~QtMi>E 312
with MA=1.15 GeV.Lhe fact which agrees well with exper imental data:
MA=1.O3:0,04 GeV, HA=1.OOt0.OB GeVi25). So. as it was expected from
aur Qualitative analysis axial vactor form factor falls
significantly more Slowly with increasing Q' Lhan nucleon magnetic
form factors. Let us consider in more detailes the predictions for
A+Ny transition.

€1) The obtained predictions far ampl i tudes A:,zand A:Ia are
noticable larger tLhan in the nonrelativistic approxamation but
sti1l! smaller than experimental datalsee Table). It js interasting
that Lhe relativistic corrections of order voc® considered Ln
Ref [3) qive similar result enlarging the magnitude of the
ampi 1L ude A:/z up to 195 107%Gev % Lat us note that for nucleon
and A-isobar considered as pUre members of multiplet (36,07]
there is no possibilily in ocur approach Lo obtain larger values
for 4+Ny amplitudes because our formulae in this case relate él(OJ.

A

] P
G_(O) .G.:(O) and .o\'/z to the neulron magnetic moment in the

following way:

~ .3 a A
eG oy = . e [G 0y + Gl(031=4§' T , (32.1>
N
P = T ——
<3z 2y
*-2 l Ure SmA/ E‘.'mh_ B,

The amplitudes of 4+Ny tranpsition given in Table correspond to

the neutron magnetic moment 29> obtained wilh parameters C28).

i

(2) A= was expected from above made qualitative analysis
the magnetic form factor of A+Ny transition falls wilh increasing
Q" more raplidly than nucleon ones. The gquantitative calculations
conform this conclusion, but the predicted form faclor is however a
littie higher than experimental data (Fig.2).This fact will permii
to include admixtures of higher exitation states into nucleon and
isobar.which will be considered later.

(33 We have obtained non-zero value for Coulombic form lactor
of A«Ny transition (see Fig.2) due to the relativistic effects.
The obtained predicition agrees well with the results of the
multipole analysis of pion electroproduction data [24). Lel us note
that relativistic effects considered in Ref (7] give also non-zero
value for GSCQI) with the same sign as our resulis but of lower
size.

(4> Due to Lhe relativistic effects we have obtalned also
non-zeroc value for tLhe ratio E’./M" which agrees with experiment
(sat; Table). By order of magnitude and sign this prediction
colncides with predictions of chiral bag models of Refs. [(29,30].
Non-zero value for the ratio El‘/M“ of smaller size (-0.2% is
obtained alsc in Ref.[31]1 in the light-cone model which 13 close
to our model but uses different principle of construcltion of
spin-orbital parts of wava functions. Similar predictions for
E“/M“ are obtained in Refs {7,32.33]1 from configuration mixings.

(5) We predict a non-trivial Qz—dependenc- of slectric form
factor G:CQ‘) as well of the ratic E ~M  which change signs at

G'=04 GeV' _ This fact can be checked by measuring of tLhe

heiicity asymmetry which in this case should be lower in magni tude

13



than 0.5 at Q> 04 GeV’. So. in our approach we predict an effect
which is similar Lo the effect predicted by pertubative QCD: E“/M‘:
1Chence, A+1) at Qfam 134,35}, It is, however, reascnable Lo
expect Lhat the prediction of perturbative QCD will be realized at
higher values of Lo

ie The role of the admixtures of higher

exitation states

Let us consider at first the case, when QCD-inspired

admi xtures of higher exitlalion states in N and A are minimal as it
is found in Ref.[36]1:
bnmnz—bnt—o,ll . €33
Parameters m and o of our model obltained in Lthis case from the
redquiremnt of a besl description of the proton and neutron
magnetic moments. gh/gv ratio and Qz—dependence of proton magnetic
form factor are
m=220 Mev , a=330 Mev . (342
The predictions for other quantities corresponding Lo these
parameters and Lo higher exitation states wilh coefficlients (33)
praclically coincide with the predictions in the above cosidered
case# when admixtures of higher configurations in N and A are
absent. The conly axception is the magnetic form factor of AJ+Np
transition which falls now more rapldly in the agreement with Lhe
experiment.. This facl has qualitative explanation.If we consider
the ratioco of =squared radia of nucleon and A-isobar in the
nonrelativistic approximation we will obtain
r;/r: X1+ &b,-b 34T . ca%)
As for QCD-inspired mixings bA-bN>0. the admixture of radial

14

exatations in N and A results in larger radius for A-isobar and.
hence. in more rapid fall of a+Ny form factor in comparison with
those for NaNy transition. The admixture of multiplet [70,07] tm N
does not affect the ratioc (35). So, the more rapid fall of AsNy
magnetic form facter in Lhe case under consideration is connected
with the admixtures of radial exitations in N and A with signs
which follow from QCD.

With increasing of the admixtures of higher exilallion states
in N an;:l A Caccording to the results of Refs. [(17,32]12 the agreement
belween theory and experiment for A+Ny transition becomes worse:Lhe

magnetic form factor of this transition falls more rapidly with

P P

. become smaller. So, Lhe
Lz 82

increasing Qz and amplitudes A
best results for Lhe amplitudes of 4+Ny transition may be obtalned
if in addition to the relativistic effects we take Lnito account not
large QCD-inspired admixtures of the higher exitation states in N
and & of a sSiZe obtained in Ref.[36).
4 Conclusion
In the framework of a relativistic quark model of Ref . [Q) we
have performed the joint analysis of N+Ny and A+Ny transitions in
order 1o investigaie the role of relativistic effects and
QCD-inspired mixings in the description of A+Ny form factors. It is
shown that relativistic sffects improve Lhe agreement between quark
model predictions and experimental data for amplitudes .A':/zand A:/:,
however neither relalivistic sffects nor higher states admixiures
permit to obtain tLotal agreement with experiment in the magnitudes
of these amplitudes. Apparently, we need the inclusion of

additional physical mechantsms to achieve the agreement with

15



experiment here. One of such mechanisms connected with gluonic
deegrees of freedom is considered in Ref.[37). I, gives a
contributlion in right direction, but, the effect is too small and
additional mechanisms are necessary.

The relativistic effects and not large admixtures of multiplet
156°,0"} in the N and the A with signs given by QCD allow to
describe well the Qz dependence of magnetic form factor of ANy
transition.

An interesting prediction for electric form factor of aA+Ny
transition is obtained. This form faclor, being positive at
Q< 0.4 Gav®, changes its sign with increasing o', so the helicity
asymmetry should be in magnitude lower than 0.5 at Q5 04 GeVv’
Al though the similar effect is predicted in perturbative QCD
[34.35) we think thatL these effects are not over lapping, because 1t
is naturally to expect that the perturbative QCD prediciion will be
realized at significantly larger values of Qz.

I would like to express my gratitude to Nathan Isgur who had
drawn my attention Lo Lhe consideration of QCD-inspired admixtures
of higher exitation states in the N and the A.

Appendix

We will give hers formulae for matrix elements (32 taken
betl weer concrete members of multiplets [56.0"1.[56'.0*] and 170.0+]
with positive charge . Matrix elements for stales with zero
charge can be obtained by replacements Queqd.deQu.

Let us write matrix elements {3 in the form:

1 FEN

. . N .2 z
— AN AR RN LS 1S S 10 eN N T .exp[ M+ ©3 Bex ]dr .

CA1D

16

where J.J'- are spins of particles . and NA.N' are normalizing

factors which are equal to

~t-2
(s6.0%): N=[J‘dr exp(-M:/:aa’>] . CA2)
2 —-1/2
(sa:.0": N=[ [ arcA®eR®-3a ® >* axpc- M2 -3a"> ] . CA3 )
: .z, 't
(70.0%). N= {f dr[c;,!‘xz)z +4( 5T ] expC- M 3a5 4, CAdd
= - g = - & C ASD
P = CK Kb)/le . A K+ axu)/.m )

The quantities I:; have the form:

(58,071.158,071+p:

12 1-2 C*) Cx> CABY
= 3 t .
Il/l!l./l (Qu/2+Qd) t'k}\ r A Qu farel
2z 472 (.5 ] CATY

soatecz (Qu_Qd) t'?\ "

+ +
156°,071 -(568,0 145

[ Ve I Ve 1.5 B (=2 ] +2 42 . —2
3 L Cop " +AX"-3a D , CABD
I_uz:axz 3[(Qu/a+qd) t)u‘k e Qu fot=] e
8 sz _ cQ _Qd) L;tJ(51+i:_3a-z) . CAD)
u

| W 2 g ]

(70.071+056,0%1+5

[+ vt -[Q /a+Qd] [ 22 a2 g2y 5 (D A% ] .
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-2tC211112> + 2wca11i21di-2{3 , CA14D

L;;) =[LC112118) - LC1211128) + L1121213 - w1212l -
~ auciiee1td « etz -2l3 . €A15D
Li+) =[t(1121112 + tC121111D> -~ 2(.(211111))/{5' . CA16)
g1 =010112111> - w1211 448 a7
asj by {c}h

LCi 4 k i3k 0= a'®? b ! D oD, ca1ed
4% 7] kk a b ¢
[T'}) th tch

wher e a L a“,’ 2, are matrix elements of products of

Melosh matrices for quarks a,b,c which are given in Egs (13).

The quantities t7 can be obtained from t'7 by replacements

tC112112)+-LC221112>, t(121112).-t(Z128112) and so on. Note, that
all our sign conventions for wave functions coincide with those of
Isqur et al [17].

Formulae for the axial-vector form factor (22> for transitions

between various multiplels are followling
g €@ = NN [ A exp| -(MI+M *>.Ba” |ar | CA19)
A~ AR o o

where for (56,0 1+[56,0")
A=C vPAk+3Ppp)/2 . CA20D
for (56°.0%1 +r56.0")

A=C—-P._ +3P (PR3 -3a B2, CAZ1d
LS ol

for [70,071.186,0"1

+Z 2

-+
A=( (P, +3P  >CE X%y sacp a2 . CAZ2)

)\p—gpp)\
The quantities P)\x . Ppp. Pkp and Pp.x in CA19)+HA 22> can be
oblajlned from CA12)-CA13) by replacement a:‘:: o,

(1%

In order te obtaln the results of nonrelativistic quark model

and Lo 1nvestigate qualitatively the Qz'depandence of form factors

+
t(‘ +3)

let us give the expressions for and P in the nonrelativistic

18

limit: =12 , K1.|.=0 Ci=a,b.e) , conserving the terms O(q‘:)
and 0(an -
Li;)=t;;)=1 RN ! na . L;+)=O. caz2>
4m
L;;% _._;;3=an . CA23)
Paxn = 173 . P =1 CAZ4D
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Table

Amplitudes of A+MNy transition
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-2 | P § i i 1+ 1+
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nonr-lul:lv.i_Fu: - 101 _1 75 o o
.
-138+4 -289:6 -1.88:0.22
sRperument -136+8 -247%10 [273
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Fig. 1 The predictions for nucleon form factors.
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Fig 2 The predictions for A — N, transition. The dashed line on Fig. 2a is obtained taking iito account only
relativistic effects; the solid line corresponds to the inclusion of hugher exitation admixtures in the N
and the A with the coefficients (33]; data are taken from [4.5] The deshed line on Fig 2r correspond
to the pion electroproduction multipole analysis [24]. On Fig 2d the prediction for helicity asyminetry

A= (A.'f'..‘, - .41,”!(.4112 + .‘ljul is presented.
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Fig.3 Our prediction for the ratio E,,/M,, and experimenial data.



